It is well known that chitosan2,3 behaves as a natural chelating polymer and undergoes chelation with various metal ions.
In the field of analytical chemistry, chitosan has been used as an adsorbent4-8 for metal ions through chelation. However, as far as we know, no work has been carried out on the application of chitosan to a color reaction between an organic reagent (R) and a metal ion (M) in an aqueous solution. We recently investigated the effect of the coexistence of chitosan in the reaction between (R) and bivalent (M), and noticed that the introduction of chitosan to the color reaction between o-hydroxyhydroquinonephthalein (QP) and zinc(II) led to some advantages. Here, we report on a spectrophotometric method for the determination of zinc(II) with QP and chitosan.
Experimental
A QP solution was prepared by the published procedure9 in methanol containing one drop of hydrochloric acid to give a 5.0X103 M solution. A stock solution of zinc(II) was prepared by dissolving 65 mg of metallic zinc (99.999%) in 2 ml of hydrochloric acid by heating, and diluting to 100 ml with water. A working solution was made by a suitable dilution of this stock solution, as required.
Then, a 0.1% chitosan was prepared by dissolving chitosan (Wako Chemicals) in 2 ml of acetic acid, adjusted to about pH 5.5 with 1 M sodium hydroxide solution, and diluted to 100 ml with water. A 0.2 M malefic acid-Tris-sodium hydroxide buffer solution was used for the pH adjustments. All other reagents and materials used were of analytical grade. Results and Discussion nium chloride (CTAC), at each suitable pH region. The bivalent (M) materials used were zinc(II), copper(II), nickel(II), cobalt(II), palladium(II), iron(II), lead(II) and mercury(II). The (R) used were QP, phenylfluorone (PF), salicylfluorone (SF), Pyrogallol Red (PR), Chromazurol S, Methylthymol Blue and 1-(2-pyridylazo)-2-naphthol. From a comparison of the various combinations of (R) and (M), the color reactions between zinc(II) and xanthene dyes (QP, PF, SF and PR) in the presence of chitosan were distinctly superior to those in various surfactants.
The effect of the coexistence of chitosan in all other combinations was scarcely observed. Thus, the fundamental conditions for the spectrophotometric determination of zinc(II) with QP (which is an excellent xanthene dye) and chitosan were examined in subsequent experiments. The recommended procedure for the determination of zinc(II) is as follows: in a 10-m1 volumetric flask were In order to examine the effectiveness of chitosan, color reactions between (R) and (M) were studied by comparing the situation in the presence of chitosan and/ or some surfactants, such as cetyltrimethylammo- mixed a solution containing up to 10 µg of zinc(II) and 0.5 ml of a 0.1% chitosan solution. The pH of the final solution was adjusted to 7.2 with 3.0 ml of the buffer solution and to this was added 0.4 ml of a 5.0X103 M QP solution. The mixture was diluted to 10 ml with water and kept at room temperature for 10 min. The QP-zinc(II) solution was measured at 555 nm against the QP solution. Figure 1 shows the absorption spectra of QP-zinc(II) and QP solutions in the presence of chitosan and CTAC at each suitable pH region. The relative standard deviation was 0.90% (n=10) for 3.2 µg of zinc(II). The proposed method was applied to an assay of zinc in an Insulin Zinc Suspension; the analytical result was in good agreement with that obtained by ICP-AES.
In conclusion, the introduction of chitosan in the spectrophotometric determination of zinc(II) with QP led to the following advantages:
(i) an increase in molar absorptivity; the apparent molar absorptivity of the proposed method was 9.2X 104 1 mol-1 cm 1 and this method was 1.5-times more sensitive than a QP-CTAC method proposed under the most suitable conditions.
(ii) a bathochromic shift in the absorption band of the colored complex; & (maximum absorption wavelength of QP-zinc(II) solution minus that of QP solution) were 57 nm (chitosan), 39 nm (CTAC) and 25 nm (Triton X-100 and sodium dodecylsulfate).
(iii) a lowering of the pH area at which the colored complex was formed; the optimum pH range in this QPzinc(II)-chitosan system was between 6.9 -7.3, whereas those in other reaction systems were approximately ANALYTICAL SCIENCES AUGUST 1990, VOL. 6 8-9.
(iv) a decrease of interference; color reactions of palladium(II), lead(II) and mercury(II) with QP were considerably depressed, and the influence from the coexistences of some anions such as cyanide, tartrate, citrate, oxalate and phosphate ions was decreased.
Though further investigations are necessary, including color reactions between (R) and multivalent (M), the development of new spectrophotometric methods for the determination of (M) by usig chitosan was suggested.
